Background: Gastric acidity could determine Helicobacter pylori (H. pylori)-associated gastritis patterns. In reverse, H. pylori infection could lead disturbance in gastric acid secretion. We attempted to elucidate gastric acid status by conventional endoscopy with pepsinogen test.
Introduction
The level of gastric acidity is associated with various upper gastrointestinal tract diseases, and high or normal acid status is correlated with duodenal ulcerations or gastroesophageal reflux diseases [1, 2] . On the contrary, low or profoundly low acid secretion is frequent in gastric ulcerations or gastric cancers [3, 4] . A major component that could influence gastric acid secretion is Helicobacter pylori (H. pylori) infection in stomach. Furthermore, local acid production is a determining factor for prevalence of corpus-predominant gastritis with H. pylori infection [5] , and acidity of affected subject can determine topographic patterns of H. pylori-associated gastritis, which result in different upper gastrointestinal diseases. Antral-predominant gastritis is a predominant pattern in duodenal ulcer patients with high acid secretion, and severity of corpus gastritis caused by H. pylori proportionally decreases gastric acid output leading to corpus-predominant atrophic gastritis in patients with low acid production [6] . Based on these findings, assessing acid level in subjects with H. pylori-associated gastritis is important to anticipate future upper gastrointestinal diseases like peptic ulcer or gastroesophageal reflux or even gastric cancer (GC). Uemura et al revealed importance of corpus dominant gastritis as a GC risk factor [7] , and Correa suggested that H. pylori caused chronic gastritis, and especially corpus gastritis that was associated with loss of parietal cell mass resulting in hypochlorhydria or achlorhydria which was involved in production of carcinogenic compounds [8] . Consequently if we could sort out subjects with disturbed acid secretion based on conventional endoscopic findings, it might be a helpful guidance to identify the subjects with future gastrointestinal diseases including gastric cancer, especially for physicians in Korea, who perform biennial endoscopic gastric cancer screening. Ijima et al revealed the correlation between specific cutoff serum pepsinogen (PG) values and gastric acidity based on endoscopic gastrin test [9] . The authors showed that in H. pylori-positive subjects the cutoff value was PG I/ II ratio ≤ 2.7 for hypochlorhydria, PG I/II ratio ≤ 2.2 for profound hypochlorhydria, and PG I/II ratio ≥ 3.3 for hyperchlorhydria; and they proved usefulness of PG test in assessing gastric acidity. Nomura et al [10, 11] revealed various conventional endoscopic appearances of H. pylori-infected gastric mucosa, which were correlated well with histological features like a mucosal inflammation or atrophy. Cho et al [12] showed three representative forms of H. pylori infected gastric mucosa (body type A, B and C). Kimura and Takemoto demonstrated that increased level of endoscopic atrophic border (EAB) was associated with decreased tendency of acid secretion [13] . EAB and various endoscopic appearances featuring mucosal inflammation or atrophy could be useful in anticipating gastric Kim et al Gastroenterol Res. 2018;11 (2) :112-123 acidity. Based on these endoscopic and serological findings, we attempted to find conventional endoscopic images corresponding to each acid level.
Materials and Methods

Subjects and endoscopic examinations
A total of 196 subjects, who visited our health promotion center from January 2016 to September 2016 for screening endoscopy and had H. pylori-associated gastric mucosal appearances mainly based on findings of Nomura et al and Cho et al [10] [11] [12] were consecutively enrolled for the present study. All of them showed positive H. pylori test (rapid urea test using CLO Helicobacter-detection kits (Asan Pharm Co., Ltd., Seoul, Korea), sample for CLO test were taken from low body greater curvature side of stomach). Each representative mucosal finding is shown in Figures 1 and 2 . Subjects were excluded from the study if they had history of H. pylori eradication or if they had been taking any medicine influencing gastric mucosal appearance (any acid suppressive medicines or non-steroidal anti-inflammatory agent) within 8 weeks prior to examination; also we excluded subjects with any past or ongoing medical illness like liver or heart problem or malignant diseases. Because we explore gastric mucosal abnormalities only by visual images, subjects having no discernible EAB with normal looking gastric mucosa and H. pylori test positive were excluded. All the subjects had already been requested for H. pylori test and PG study for GC screening in a prequestionnaire. They were examined with conventional white light endoscopy using a GIF-Q150 (Olympus Co., Tokyo, Japan) and endoscopic mucosal images were collected for each individual with each type of EAB suggested by Kimura and Takemoto [13] (Table 1 ). All the endoscopic procedures were performed by the main author to avoid inter-observer variability. This study was approved by Korea National Institute [9] .
Data analysis
All the endoscopic characteristics were graded as scores like EAB as 1 to 6, body visible vessel as 0 to 3, body spotty erythema as 0 to 3, body diffuse erythema as 0 to 2, and others were as 0 to 1. We categorized the subjects into groups based on acid status (hypoacid, normoacid and hyperacid 
Results
Characteristics of the subjects
In 196 subjects, there were 144 males and 52 females; the mean age of the subjects was 50.6 ± 9.0 years (the mean ± standard deviation (SD)). Totally 151 subjects were in the closed type and 45 were in the open type. In 151 subjects with closed type, 72 were in the hyperacid state, 37 were in the hypoacid state, and 42 were in the normoacid state. In open type subjects, six were in the hyperacid state, 36 were in the hypoacid state, and three were in the normoacid state. Hypoacidity was observed to be the dominant form of disturbed acid status in the subjects with open type; and hyperacidity or normoacidity were observed as the dominant form in the closed type ( Table 2) .
Characteristics of the subjects and serological markers subsequent to classification into subgroups
The mean age of the subjects in the hypoacid group was higher than the subjects in the hyperacid group, but showed no difference between hypoacid and normoacid group. PG I and sex showed no differences between the groups, but PG II and gastrin showed high level in the order of hypoacid, normoacid and hyperacid group (Table 3) .
Scores of endoscopic parameters (in multiple comparison test, = means no difference, > means higher score than comparing group)
Endoscopic features that showed higher score in hypoacid group were body xanthoma (= normoacid, > hyperacid), body visible vessel (> normoacid, > hyperacid), body type B (> normoacid, > hyperacid), body rugal hyperplasia (> normoacid, > hyperacid), body exudate (> normoacid, > hyperacid), body diffuse erythema (= normoacid, > hyperacid), EAB (> normoacid, > hyperacid), and antrum visible vessel (= normoacid, > hyperacid). And mucosal appearances that showed higher score in hyperacid group were body type A (= normoacid, > hypoacid), antrum camouflage (CAM) (= normoacid, > hypoacid) and body RAC (= normoacid, > hypoacid). The score of body type C was higher in normoacid group, but no difference was shown between hypoacid and hyperacid groups (Table 4) .
Univariate and multivariate analyses for disturbed acid status
Univariate analyses for hyperacid
Overall body RAC (OR: 4.444, P = 0.003), body type A (3.921, P < 0.001), male sex (2.171, P = 0.029), and antrum CAM (2.080, P = 0.015) were the significant risk factors for hyperacid. However, age, body visible vessel, body type B, body rugal hyperplasia, body exudate, body diffuse erythema, antrum visible vessel, and EAB were the protective features against hyperacid.
In closed type, body RAC (OR: 4.131, P = 0.018), body type A (3.297, P = 0.001), and antrum CAM (2.303, P = 0.015) were the risk factors for hyperacid; age, body type B, body rugal hyperplasia, body exudate, body diffuse erythema, and antrum visible vessel were protective against hyperacid.
In open type, body RAC (OR: 9.250, P =0.049) was the only risk factor for hyperacid. Body type B and body exudate were the protective factors (Table 5) . 
Multivariate analyses for hyperacid
Overall male sex (OR: 2.389, P = 0.032) was the only significant risk factor for hyperacid. In closed type, antrum CAM (OR: 2.527, P = 0.018) was the only risk factor for hyperacid. Age, body type B, and body diffuse erythema were the protective factors against hyperacid.
In open type, no significant risk factors for hyperacid were found, and body exudate was the only significant protective factor against hyperacid (Table 6 ).
Univariate analyses for hypoacidity
Overall body type B (OR: 10.573, P < 0.001), body exudate (4.952, P < 0.001), body xanthoma (4.923, P = 0.022), body rugal hyperplasia (4.392, P < 0.001), EAB (3.346, P < 0.001), antrum visible vessel (3.301, P < 0.001), body visible vessel (2.215, P < 0.001), body diffuse erythema (1.382, P = 0.036), and age (1.061, P = 0.001) were the risk factors for hypoacidity. However, body type A, body type C, and body RAC were the protective factors against hypoacidity.
In closed type, body type B (OR: 10.025, P < 0.001), body xanthoma (6.788, P= 0.031), body rugal hyperplasia (4.495, P = 0.001), body exudate (3.052, P = 0.004), antrum visible vessel (2.408, P = 0.033), body diffuse erythema (2.026, P = 0.001), and age (1.088, P = 0.001) were the significant factors for hypoacidity. Body type A and antrum CAM were the protective factors for hypoacidity.
In open type, body exudate (OR: 6.250, P = 0.023), body type B (5.179, P = 0.038), and body visible vessel (3.593, P = 0.039) were the significant risk factors for hypoacidity. There were no significant protective factors against hypoacidity (Table 7) .
Multivariate analyses for hypoacidity
Overall body type B (OR: 6.391, P < 0.001), body rugal hyperplasia (3.417, P = 0.013), EAB (2.756, P < 0.001), and age (1.066, P = 0.008) were significant factors for hypoacidity. None of the factors exhibited any significant protective aspect.
In closed type, body xanthoma (OR: 127.603, P = 0.002), body type B (12.517, P < 0.001), body rugal hyperplasia (5.205, P = 0.019), body diffuse erythema (2.667, P= 0.002), and age (1.134, P = 0.001) were risky parameters for hypoacidity. Antrum diffuse erythema showed protective aspect.
In open type, body exudate (OR: 10.671, P = 0.026) was the only risk factor for hypoacidity. None of the factors exhibited any significant protective aspect (Table 8 ).
Meaning of camouflage appearance
As shown in Table 9 , comparison of CAM group with non- 
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CMA group revealed the significantly lower level of PG II in CAM group, no significant other serological or demographic differences were observed.
Discussion
It was reported that the distribution of H. pyori was even in the entire gastric mucosa [14, 15] . However, intrinsic gastric acidity has been known to determine the outcome of the subject with H. pylori infection by either promoting corpus gastritis or not. For example, high acid secretion maintains H. pyloriassociated gastritis in the antrum [2] , and low acid state could be involved in corpus dominant gastritis. Also the severity of H. pylori-associated gastric inflammation could inversely influence gastric acid secretory disturbance resulting in various adverse outcomes such as peptic ulcer diseases, reflux esophagitis, or even gastric cancers.
Based on endoscopic findings, we attempted to find the clues about gastric acid status with the aid of serological information. As one of the most discernible endoscopic findings is EAB, we first divided subjects into two groups as the closed type and open type and revealed each dominant type was hypoacidity in open type and hyperacidity or normoacidity in closed type. This similar observation was originally described in the study by Kimura and Takemoto [13] .
The hypoacid group had higher PG II and gastrin level than normoacid or hyperacid group, this was comparable to the findings that PG II could be a surrogate marker of corpus inflammation [16] , and corpus gastritis was correlated with disturbance in gastric acid secretion [17, 18] . Referring to these results we would cautiously conclude that in our subjects hypoacidity was mainly dependent on severity of gastritis.
Statistical analyses revealed that in the case of hypoacidity, antrum visible vessel, and most of the H. pylori-associated endoscopic parameters representing mucosal inflammation and more atrophy of corpus like body type B [12] were correlated with hypoacidity in overall and closed type. These results were similar in both univariate and multivariate analysis.
However, in open type, body exudate, body type B, and body visible vessel contributed to hypoacidity in univariate analysis and only body exudate was meaningful in multivariate analysis. These findings probably mean that in closed type, the severity of gastritis and more atrophic body type might have an influence on the decrease in gastric acid secretion. On the other hand, in open type, the severity of atrophy and persistent inflammation caused by the relatively high amount of H. pylori in the exudate [19] with advanced background atrophy might determine gastric acid secretion. For hyperacidity, mucosal appearances showing less atrophy or relatively intact state (body type A, body RAC) were involved in hyperacid state in univariate analysis. Newly added antrum CAM was involved in hyperacidity in univariate and multivariate analysis.
Body findings, such as body xanthoma and RHG probably denoted hypoacidity derived from active inflammation, similar to the report previously published [20, 21] . Body diffuse erythema means interstitial inflammatory cell infiltration in the atrophy background [11, 22] . Body type B represents more histological atrophy than body type A or C [12] , of course, body RAC means intact body mucosal state secreting gastric acid normally.
As antrum aspects, antrum diffuse erythema was associated with protective effect in multivariate analysis for closed type hypoacidity, this might be due to the fact that antrum diffuse erythema was one of the representative features of mononuclear cell infiltration related to antral gastric (G) cell hyperfunction resulting in increase in gastric acid by hypergastrinemia [11, 23] . Antrum CAM was involved in overall and closed type hyperacidity, however only PG II level was lower in antrum CAM group than in non-antrum CAM group and no other serological differences were observed, which mean that considering PG II as a corpus inflammatory surrogate marker, contribution of antrum CAM for hyperacidity might be a secondary change caused by increased body acid ( Table 9 ). As antrum CAM basically consists of some component of erythema, we could not exclude the possibility of antrum hyperfunction in antrum CAM, hence further study is required. In only univariate analysis, antrum visible vessel was related to overall hypoacidity, and antrum IM in open type hypoacidity. As antral atrophy progresses, corpus migration of H. pylori could be accelerated and this may cause aggravation of corpus gastritis resulting in decrease in gastric acid [24] [25] [26] . This antral induced hypoacidity might partly support the retrospective-case control study suggesting that atrophic gastritis of the antrum and body of the stomach are independent risk factors for GC [27] . And a study by Shiotani et al [28] that showed higher frequency of IM and inflammation at the antrum was associated with GC could also be supported by our result.
Male gender was correlated with hyperacidity and aging was related to hypoacidity similar to the results of previous study [29] .
It could be hypothesized that in western countries or in subjects with plenty of gastric acid, hypoacidity could possibly be induced by advanced antrum pathology plus disturbed acid secretion by acquired factors like cigarette or salt, low intake of fresh vegetables, which might allow H. pyori to mi- Gastric Acidity by Endoscopy With Serological Markers Gastroenterol Res. 2018;11(2):112-123 grate into corpus more easily. Also this western type might be atrophy dependent rather than gastritis in reducing gastric acid [30] . In contrast, in oriental area like Japan, hypoacidity could mainly occur due to rapid corpus migration of H. pylori by a genetically determined shortage of acid reservoir and additional harmful environmental factors, which might be dependent on the severity of gastritis in determining gastric acidity, although additional atrophy could further aggravate gastric acid shortage. Consequently many possible combinations of western and oriental type could exist and population with oriental type might benefit from H. pylori eradication for the recovery of acid secretion except for the severe corpus atrophy [4, 24] . Considering all these facts, awareness about hypoacidity would be a great tool in proper management of patient. During endoscopy session, if closed type EAB encountered, most cases would be normoacid or hyperacid state. However, when any one of hypoacid features like body xanthoma, body type B, body rugal hyperplasia or body diffuse erythema was accompanied, we should consider early H. pylori eradication to prevent ongoing hypoacid state. Of course in open type EAB, we should take into account H. pylori eradication and environmental factor correction like smoking cessation or low salt diet etc.
Antrum CAM could be a useful parameter for recovery of acid secretion after eradication if it is secondary change of hyperacid as our study. When antrum CAM was accompanied with closed type EAB, one might consider hyperacid related disease like duodenal ulcer or reflux esophagitis.
Hematin was a predictive endoscopic finding for hyperacidity, swelling of areae gastricae and open type gastric atrophy were the endoscopic findings for hypoacidity in a Japanese study [31] . However, we used other various endoscopic findings and disclosed explainable mechanism for endoscopic parameters in disturbed acid status.
This study had several limitations. Histologic confirmation to support endoscopic finding was omitted, however this study was focused on evaluating functional aspect of stomach by endoscopy and most of endoscopic parameters were histologically verified in previous studies. Of course newly added antrum CAM was used only in our center, we are seriously considering multicenter study to correct this drawback in near future. Also we did not depend on direct measurement of gastric acid. However, reference value of pepsinogen test was the same (positive finding of PG test were PG I/II ratio ≤ 3.0 and PGI ≤ 70 ng/mL) as Japan, which means that our serological results were not different from the Japanese study [9] . Additionally, there existed an inevitable bias to implement Japanese results directly on our subjects, because of different sexual and age distributions even if there was a similar ethnic background. Actually most of our subjects were employees of regional companies, being younger and male dominant. Nevertheless, we showed that several aspects of our results, such as EAB, male gender, age, etc. were similar to the previous studies using direct measurement of gastric acid, this might be an evidence that PG level in our study could be an alternative to direct measurement of gastric acid. Needless to state that when a physician wishes to evaluate specific diseases it should be practical to employ each country's specific and easily available methods, such as a pepsinogen test in Japan and endoscopy in Korea for screening GC. This was our main aim to conduct this study. We could have obtained more detailed and exact results if there had been Korea-specific data based on direct measurement of gastric acidity. In near future, nation-wide study is needed.
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